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Hence, the intensity of the impact compressive stress at x = 0 decreases exponen¬ 
tially while the wave front continues to travel on toward the fixed end of the rod at 
x = L. At this point the compressive stress is suddenly reflected with no change in 
sign, as shown in Fig. 16.3. At this instant also the compressive stress attains the 
value of 2cr 0 ; this value can be used in the preliminary calculations. It should be 
emphasized, however, that in general the complete process of impact may involve 
the analysis of several stress wave reflections. 


CONDITIONS OF SPALL 

The phenomenon of spall is a direct result of a high-amplitude compressive wave en¬ 
countering a free surface. The basic features of spall, for instance, may be observed 
at the ground surface disturbed by an underground explosion or at the ruptured 
surface opposite the point of impact of a projectile striking a thick plate. A com¬ 
pressive wave reaching a free surface generates a reflected tensile wave of the same 
amplitude. If this stress amplitude happens to exceed the tensile strength of the 
material, a layer near the free boundary will spall off. The corresponding plane of 
failure must be below the surface since the peak tensile stress can occur only after 
the reflected wave starts to travel back toward the original point of impact. 

The thickness of the spalled layer is known to depend on the wave amplitude, 
wave shape, and tensile strength of the material. 

The mechanical model of spall is complicated and it requires a rather sophis¬ 
ticated analysis of the various phases of stress propagation where the impinging 
compressive wave interacts with the reflected tensile wave throughout the thickness 
of the particular medium. The reader interested in theoretical ramifications of the 
spall problem is advised to consult the specialized literature on the subject [250]. 
From the practical point of view it will suffice here to state that spall can occur 
in materials whose tensile strength is numerically smaller than the compressive 
strength, or when the amplitude of the impinging stress wave is significantly higher 
than the tensile strength of the material. 


Design Problem 16.1 

A rigid object free-falls over a distance of 10 ft and strikes the top of a steel column built 
in at the base. Assuming that the impinging object produces a purely axial response of 
the column, calculate the maximum compressive stress at the base if the sonic velocity for 
the column material is 16,820 ft/sec, with the specific weight of steel of 0.283 lb/in. 3 . 

Solution 

The required stress in this case will be estimated on the premise that the free-fall velocity 
of the object at the instant of impact is equal to the particle velocity at the point of 
contact. 

The elementary formula for a free-fall velocity given in Table 11.3 is 


V = (2 gHf' 2 



